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Let the spiral part of the bar be supposed to be straightened out, and let the bar be supposed to be placed with one end fixed at AD; and with a couple applied at the other extremity by means of a weight, equal to w, suspended at B, and a force in the line EF equal, parallel, and opposite to that of w; the arm of this couple being equal to a the radius of the                                               C-iv}
coil.                                                                                        U
Now it can be shown that, in bars subjected to torsion, the angle of torsion is proportional to the length of the bar, to the couple applied, and inversely to the fourth power of the radius of the bar. Hence the angle of torsion in the present case, or the angle described by EB, in passing from its natural position
to one of equilibrium with the couple lua is = 6 —— *.
Hence, the space moved over by a point at a distance a from
the centre is = 6 —— .    Now a little consideration will show that r4
this space must be equal to e, the elongation of the spiral spring
* As these principles regarding torsion have been laid down in various worts on Mechanics and Engineering, I here take them for granted. The methods of deducing them have, however, been insufficient, as it has been, tactily at least, assumed that all the elements in the section of a bar are free from strain when the bar as a whole is free from external strain ; since it is assumed that when the bar is twisted to any extent less than that which would strain its circumference to the utmost, any equal elements of its section undergo strains proportional to the distances of the elements from the centre. It seldom occurs, however, that the real condition of a bar is in accordance with this assumption; for I have shown in the preceding paper that the various particles of materials usually exist under great strains in opposite directions, which are in equilibrium with one another. The conclusions which had previously been derived are, however, in themselves correct; and in a note to the paper just referred to, I have supplied the step which was wanting in the proof by showing that the angle of torsion of a bar, or in other words, its stillness is not influenced by the presence or absence of'internal opposing strains among its particles; although the case is very different with regard to ultimate strength of the bar, which is materially altered by changes in those strains. From this it follows that the coefficient for the stiffness or deflexion of a bar composed of a given substance has but one value, while that for its ultimate strength may have various values. Of this more will be said iu what follows.